The Greek Ministry of Environment, Energy and Climate Change in collaboration
with the Greek Ministry of Health in order to provide updated answers to the
problem of Hexavalent Chromium in drinking water is organizing the event

to bring together leading international experts and top administrators from the
European Union and the United States that will

e Present the most recent scientific evidence
e Share the regulatory experiences from the United States and the European
Union
e and Discuss with the Greek authorities and scientists the issues related to
the presence of Cr(VI) in drinking water
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Casual get together for Experts to know each other and

Ministry officials.
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Society of Toxicology; charter member of the Society for Risk Analysis.
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¢}, at the Food Safety Directorate, Physico-Chemical Risk Assessment Unit.

AFSSA became

Dr. Arnich is a Toxicologist Ph.D. with experimental experience on the bioavailability
She was also involved in the dietary risk assessment for biocide residues in food

Dr. Arnich is in charge of the scientific coordination of the expert panel on

and toxicity of lead (Pb) in rats.

was involved

5y 533
g it
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Health risks from non-compliance with drinking water parametric values.

Non dioxin-like polychlorinated biphenyls (NDL-PCBs)
Lipophilic marine biotoxins (Dinophysis, Ostreopsis)

Polybrominated diphenyl ethers (PBDEs)

Chemical contaminants in shelifish

Bisphenol A
Fipronil

Her main contributions to AFSSA’s assessments have dealt with:
[ ]
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Dr. Cohen has held numerous elected offices in the Immunotoxicology Specialty
Section (IMTOX SS) of the Society of Toxicology (SOT), including those of Vice
President and President; he is currently also Chair of the IMTOX S§S International
Exchange Committee.

The editor of a major text in Immunotoxicology and an author/co-author of over 80
refereed journal publications Dr. Cohen has studied the effects of chromium since
1989; his works have been utilized as standard references among the major studies
employed by the EPA, the US Department of Health, and other regulatory agencies
for deriving safety standards for chromium agents.

Dr. Cohen’s research interests include:

e Role of physicochemical properties in governing immunotoxic potentials of
inhaled metals in the lungs.

e [Effects of World Trade Center dusts on pulmonary biology/immunology
related to the increased incidence of chronic lung disorders.

e The effect of inhaled pollutant gas/metal-induced changes in altered iron
homeostasis (AlH) on macrophage functionality.

e Development of molecular methods to isolate/characterize DNA-protein
cross-links, AND to assess mutagenicity/carcinogenicity of nickel, chromium,
and vanadium agents.

e Determination of in vitro mechanisms of enzyme inhibition by metals.

ED_002435_00000061-00009



e Principal Scientific Officer at KWR Watercycle Research Institute, Netherlands: Drinking
Water and EU Legislation.

e PREPARED Enabling Change FP7 February 2010-2014 Large Scale Integrated Project on
the Adaptation of the water supply and sanitation sector to cope with climate change.
DG Research EU.

e Decentralized Drinking Water Supply and Sanitation options. DGENV 2010.

e Assistance to the Bulgarian Government on the introduction of WISE (Water Information
System for Europe) on drinking water quality data. Dutch Ministry of Economic Affairs.
2009-2010.

e DGENV consultant on the reporting obligations of EU Member States on the quality of
drinking water; 1993-1995, 1006-1998, 1999-2001, 2002-2004 and 2005-2007 [last one in
progress].

e Coordinator WSSTP Water Supply and Sanitation Technology Platform. DG Research.
2005-2006.

e (Consultant at Estonia 2003 and Consultant at DG ENV 2005 (European Commission,
Directorate General Environment). Organization of European Seminar on the Revision of
the Drinking Water Directive 2003 DG ENV.

e WEKNOW Co-coordinator Web-based European Knowledge Network on Water, FP6 DG
Research, concerted action, 2002-2005.

e Technical and Scientific Support European Commission Drinking Water Directives
80/778/EEC and 98/83/EC; Service contract obligations of Member States on the
Standardized Reporting Directive 91/692/EC; European Commission DGENV: Processing,
and analysis of data from Member States on water directives and production of synthesis
reports; Participation in the Expert Advisory Forum on Reporting within the Framework
Directive.

e Member of the Water Resources Panel, one of seven technical panels to ensure the
Chartered Institution of Water and Environmental Management (CIWEM), UK fulfils its
Royal Charter.

e Secretary, European Water Research Institutes (E.W.R.1.)

e Member, Experts Committee on Children’s Environmental and Health Action Plan for
Europe {(CEHAPE).

&  Senior Scientist and Senior Adviser at Royal Haskoning, a 4,000-employee Dutch
Engineering Company founded in 1881, with revenues over € 300million annually.
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Sources of fecal indicator bacteria near Malibuy, Californ
Use of chloride and oxygen isotopes to determine the source of natural

anthropogenic perchiorate, Rialto, California
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Prof. Linos has also
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Greece. Nutrition and obesity prevention have also been among her
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2

¢, and at the Lipd ;
scientist/professor at the Mayo Medical School and the National Institutes of Health (NIH).

Prof. Athena Linos studied Medicine at the University of Athens Medical School, and Public

Health at Harvard School of Public Health, and trained at the Mayo Clinic Department of
Prof. Linos activities include: Participation in Greek National Committees on public health and

Prof. Linos's work has focused on epidemiology and research methodology. She has

Epidemiology and Biostatistics for 3 years. She holds a PhD and Professorial degree from the
participated in numerous conferences. She is a member of several scientific associations and

participates in many international networks for public health.

University of Athens, Medical School in Epidemiology.

occupational health and safety; WVice

primary research interests.
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Municipality of Oinofyta
published extensively

and has worked in clinical research and pharmaco-epidemiology. She has participated
is currently the

several environmental projects regarding ¢
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author of over 50 refereed journal publications.
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e.g. the V Congreso lberoamericano de Fisica y

?

Prof. Stone participates in activities that foster environmental chemistry education

and research in other countries
Quimica Ambiental, in Mar del Plata, Argentina. He has been a guest professor at the

University of Karisruhe, Germany.



;7

Hipens

1S

wpe 72

oo ! < m . G
¢ =52 T % Z c £ 5 £ =
£ o ¢ a0 & S 4 < 3
~ o © ¥ O g = i s s
i
< ) -
B Y £ 3 .= = g = e 5 S .
V= O E “ E b % = 2
% g, >~ Pp—
s —_— O, W & Pt g 2N -
%3 o ()] oo
3 © Q — TS [¢D] b B Pt e .
5.3 © ~ = 3 ol 4 N U = o
e £ 2 T a c v — 2 £ 5
e e ol v Y = P
ot 7 [ = T o o w ] # VR = e
3 it s s Y o= s 4 O By I [} (PR
Ld £ i © ) ] < Ea P ] Y ]
e g @ 522 c¢c 8. £ & . = ¢ =
“ o w 9 L, & 6% ¢ 'R 2 5 7 &
K3 b £ N 53 o [E - ribre
. o w wiobad . v &g 2T T 2
# bwo 18 & il € ¥ 0T S 5 > w & © b
7, L o 3] o s < o e (@) wy @ @
. i B il P ® 5 = T -~ v S © 4.
e Wi . TR o o s L X m ® 5 g @ S € o g -
o 143 Baw s W g
T e 5 R u @ € Qe £ 5 55 o T e 5 0
= 7y ewm  gag o sl A = _ £ @
Py 5 B A Y g e i % o) nvuu . @ e 5 g T - = : =
Bnnd J [ P v W7 = . o
e e ik ? 7 - m U o 3 s © ¢ = 2
o L A —_— i OCE L« g < UV o & L o
(A A 24 “ & 2 3 E Qo o T B8 E£ g = 9 2
7 m\m\\ gy o 5 T o 2 m a £ = £ @ 8z £ o @
oy o Bine 5y L Gig P . [ o .
" O G D e o e @8 28 3 L O i B S m 3 . 2 v g
s F 1 S S o 7 T e T o © ot QW L = O ; e O g
g B 7 < e 2 o & 2 © O b o
- g £ T2 xa 5 ¢ ZAE I BN 3 o« = S B
mexx.”w ke N\w v\mHA. - ewm‘\\u W ~ oh |ﬂ|u. b ol WMM [ (4] w\u q“u —_— >~ N\m e
P H 7 G i z > 0 @ g 3 LI T AR 5 o © = w2k
g sk i ] i g b= 3 a0 A e B! o c £ w Bk
" - g e . s o ey 9 — ik P
mM\ At b Wwﬂ 1% .m m C O 7 s #f % ...hl_ \u\\“ o m [y} fisd &=
g P et b m ae] i o o i, (5] — m — (53
v s o s n O QO = - o] =t U B i
bt 4 % bt T g 9 T o 5=y - & £ C© @
w i &
i i e £ T o wn = S Fan o = Q%
b p o Y 5 6 = M =L By LT @ w T &
e o B ov o 5 ® = o = & ISH
’ -2 a < = o e £ C == Qs
o & Fuon o O [ - 3] = D N =
751 7 [T A it L Y
74 o U > = LI = ot < 13
4 S °© 5 Z 5 = g = A g o o *
i iy s P —_— g s —
o W o2 e ST - Q% = i e 2T 5
P < U ) € @ =] Q 3 Ra)
i Yo oc Y O w b O U m©
2 w2 £ > 3 o LE R < E L. £
Sone Yot = ; e, 4 =
s \\o = m c [Va] b - 0 B = = S
L b4 AR - 2 = E o = o c c
. i O o © > [<}] = O =3 2 =S o = © -
. i, S g LT e B TR “ Q. 3 @
Ll S W g - 3 ] v o Q T 9 4=
Facy K > {0 g g 7 ©
i o Q 0O~ © =2 s o <3 » o
z T o g g a Q o © v :
. o W < < =
«W‘\\\\.« Rl ~ o m ) m of M\m o+ -~ 5] m [ PR
e c O S rae] I < i o = e v O N
s T w O o S _m - T 7
b &
m5 2% 3 % < S S g o . & &
<3} P “ oo et o £ Py
@ e s s £ B o B ~ S = v =T
[yv] — £ ST [ f -
L = £ 2 5 0 oo . O TR 2w o $ oz
- e R o W T e O = Qo =5
2 o £ 0 080 g wos Lo & £ & v 2 =
QL o ¥ = ¥ @ P i G = 5 ]
& = = e Q Gy B b O £ T O w
= P o = = o [ T O TP T L B LS
00O U0O® ®

ED_002435_00000061-00014



oy,
i %
o

,
G
g
#
B
45 %
p224
Ko
g,

o
o
samry,
ok
7 %
Ynse?
Fac
%
gt
5
77

Do

oy
2]
s
#
Lt
o

i

7

whnds

v
(4]

I
B

St

ED_002435_00000061-00015



e o,

P

¥

www. umweltbundesamt.de

The acute toxicity of Cr(VI) is relatively strong. A marker for high exposure to Cr(Vi)
and its peroxidative effect on lipids is the urinary excretion of malondialdehyde and
possibly the activity of alpha-amylase, a digestive enzyme from pancreas, in blood
serum.

A tolerable short term daily intake as based on health effects is 60 ug of Cr(Vl) per kg
body mass. It is based on adverse effects observed in the kidney and the gastro-
intestinal tract and on allergic reactions towards adducts from the reaction of
proteins with the partially reduced Cr-species Cr(V) and Cr{IV).

Evaluation of the oral carcinogenic potential of genotoxic Cr(Vl) at or after chronic
exposure was and is controversial. However, Cr(Vl) is reduced more or less
completely to nontoxic Cr(lll) during and after its uptake into the bloodstream.
Therefore, at concentrations of Cr(VI) which might normally be expected in drinking
water, "Chromium" possibly present there may be and is considered as not being
genotoxic in vivo.

in Germany, in the early nineties we derived a life-long tolerable health limit for
exposure of humans towards Cr(VIl) of TDI = 5 pg/kg for all groups or subgroups of
the general population. This TDl was extrapolated from a not yet nephro- and
immunotoxic subchronic NOAEL of 2.4 mg/kg as observed in a Cr(Vl) rat study and
similarly from a subchronic gastrointestinal/hematologic LOAEL of 0.57 mg/kg for
Cr(VI1) in a case study with humans. From this TDI, we calculated a health based guide
value for drinking water of 20 pg Cr(VI) per liter (rounded figure) if 10 % of the TDI
would be allocated on 2 liter of drinking water per day and 70 kg-person.
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Need to regulate Cr(VI) for its toxic potential?

This provisional drinking water guide value for Cr(VI) eventually was not implemented
then in Germany for three reasons:

1) The concentrations of Cr{VI) in ground waters for drinking water production in
Germany are low (95% of such ground waters contain less than a few pg Cr(VI) per
liter, with maximal values around 5 pg/l).

2) The toxicological irrelevance (at the state of knowledge at the beginning of the
nineties) of such very low Cr(VI) concentrations.

3) The impossibility at that time to routinely discriminate analytically at such low
concentrations of Cr(Vl), between Cr(lll} and Cr(VI} - even in drinking water
Cr(Vl) exhibits a carcinogenic potential in vivo after inhalation. Recently, such
potential was shown in vivo also after oral uptake by rats and mice at about 3 mg
Cr(V1) per kg body mass and more with drinking water in a dose-dependent manner
(Stout MD
<http://www.nchi.nlm.nih.gov/pubmed?term=%22Stout%20MD%22%5BAuthori%sD
>, Herbert RA
<htip://www.ncbi.nlm.nih.gov/pubmed?term=%22Herbert%20RA%22%5BAuthor%5
b>,

Kissling GE
<http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kissling%20GE%2 2%5BAuthor%5D
>I

Collins BJ
<htip://www.ncbi.nlm.nih.gov/pubmed?term=%22Collins%20B%22%5BAuthor%5D>

Travlos GS
<http://www.ncbi.nlm.nih.gov/pubmed?term=%22Travlos%20GS5%2 2%5B8Author%sD
>I

Witt KL

<http://www.ncbi.nim.nih.gov/pubmed?term=%22 Witt%20K1L%22%5BAuthor%5D >,
Melnick RL
<http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melnick%20RL%2 2%5BAuthorks
D>,

Abdo KM
<htip://www.ncbi.nlm.nih.gov/pubmed?term=%22Abdo%20KM%22%5BAuthor%5D>

Malarkey DE
<http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malarkey%20DE%22%5BAuthor%
5b>,

Hooth MJ
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<http://www.nchi.nlm.nih.gov/pubmed?term=%22Hooth%20MJ%22%5BAuthor%5D(
2009) Hexavalent chromium is carcinogenic to F344/N rats and B6C3F1 mice after
chronic oral exposure. Environ Health Perspect.
<javascript:AL_get(this,%20'jour',%20'Environ%20Health%20Perspect.');>
117(5):716-22).

There is urgent need to characterize mechanistically and to quantify accordingly the
oral carcinogenic potential of Cr(VI}) and to falsify or verify any provisional Cr(V!) guide
value as based up to now on non carcinogenic endpoints, including the guide value
we derived provisionally in Germany in the early nineties (see above). This purpose
would best be persecuted by an expert workshop (including experts from WHO
drinking water guidelines) on evaluation and quantification of Cr(Vl) effect
mechanisms and modes of carcinogenic action at doses which correspond to the pg/I-
range in drinking water.
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DRAFT FOR PUBLIC COMMENT AND SCIENTIFIC REVIEW

PUBLIC HEALTH GOAL FOR HEXAVALENT CHROMIUM IN DRINKING WATER

“SUMMARY

The Office of Environmental Health Hazard Assessment (OEHHA) is proposing a Public

Health Goal (PHG) for hexavalent chromium of 0.06 parts per billion (ppb) or

micrograms per liter {pg/L) in drinking water. OEHHA has reviewed the available data
on the toxicity of hexavalent chromium and has identified the proposed PHG level as
protective against all identified toxic effects from both oral and inhalation exposure

to hexavalent chromium that may be present in drinking water.

While hexavalent chromium has long been recognized as a potent carcinogen via

inhalation, there is now sufficient concern that hexavalent chromium is also
carcinogenic by the oral route of exposure, based on studies in rats and mice

conducted by the National Toxicology Program (NTP, 2007b). To calculate the

OEHHA derived both an oral cancer slope factor of 0.6 (mg/kg-day)-1,

based on a dose-related increase of tumors of the small intestine in male mice (NTP,

proposed PHG,

2007b), and an inhalation cancer slope factor of 510 (mg/kg-day)-1, based on

occupational studies. OEHHA also used an exposure assessment (Keating and

McKone, 1993) to estimate inhalation of waterborne hexavalent chromium during

showering. The combined-route cancer risk is dominated by the oral exposure

despite the much higher inhalation potency, because the inhalation of water droplets

during showering is very small. The resulting proposed PHG is quite low, based on the
linear extrapolation to a one in one million lifetime cancer risk from the high

incidence of tumors ocbserved in the mice.

A health-protective level of 2 ppb for non-carcinogenic effects is also proposed based
on liver toxicity (mild chronic inflammation, fatty changes) in female rats in the NTP
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study (2007b). Other studies have indicated adverse effects in the liver and blood
forming tissues.

Chromium is a heavy metal that occurs throughout the environment. The soluble
hexavalent form is relatively toxic, while the less-soluble trivalent form has very low
toxicity and is a required nutrient. The two forms are inter-convertible in the
environment.

Available studies characterized the carcinogenic and non-carcinogenic activity of
hexavalent chromium resulting from inhalation or oral exposure in both experimental
animals and humans. Most of the toxicity studies investigated carcinogenic activity,
because hexavalent chromium has been identified as a carcinogen. Other studies
focused on the pharmacokinetics of hexavalent and trivalent chromium. The findings
of these studies are very important in understanding the toxic actions of this metal.

Following oral administration of hexavalent chromium to humans and experimental
animals, increased levels of chromium in whole blood and plasma were observed,
while little change was observed following trivalent chromium administration.
Increases in blood/plasma chromium levels following oral hexavalent chromium
administration demonstrate bioavailability of the hexavalent form of the metal.
Demonstrating bioavailability for orally administered products through increases in
plasma and/blood levels is a routine method (required, for example, in submitting
new drug applications).

it has been suggested that hexavalent chromium is completely converted to trivalent
chromium in the acidic environment of the stomach, and therefore poses a negligible
risk of toxicity (carcinogenic or non-carcinogenic) by the oral route (De Flora et al.
1997; Proctor et al, 2002b). Complete conversion of hexavalent chromium to
trivalent chromium in the stomach would result in the two forms behaving identically
with respect to absorption, distribution, and toxic effects. However, as mentioned
above, differences in blood/plasma levels have been observed. In addition, studies in
animals and humans have revealed that orally administered hexavalent chromium
results in elevated chromium tissue levels and increased urinary half-life compared to
administered ftrivalent chromium. Increased toxicity following oral exposure to
hexavalent chromium (compared to trivalent chromium) also suggests that
hexavalent chromium is not completely converted to trivalent chromium in the
stomach. After absorption into the body, the hexavalent form is eventually reduced
to the trivalent form.

Given the abundant evidence that indicates hexavalent chromium is not completely
converted to trivalent chromium in the stomach and that a fraction of orally
administered hexavalent chromium is bioavailable, the evidence of potential
carcinogenic and non- carcinogenic effects of the hexavalent form of the metal
needed to be evaluated.

Evidence on carcinogenic effects of hexavalent chromium has been summarized by
others, principally for the inhalation route (IARC, 1990). Evaluation of carcinogenic
risk for this assessment focused on the evidence of systemic availability and the
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resulting risk of carcinogenic effects after oral exposure. Studies of the mechanism of
action of hexavalent chromium suggest a carcinogenic response if hexavalent
chromium enters cells, regardless of the route of exposure. Orally administered
hexavalent chromium results in genotoxicity at sites distal to the site of entry, the
gut, which indicates that chromium reaches those sites in the hexavalent form.
Administration via drinking water of hexavalent chromium to mice (Borneff et al.,
1968) resulted in a statistically significant increase in stomach tumors compared to
controls {OEHHA analysis). Administration of hexavalent chromium in drinking water
to male and female F344 rats resulted in a statistically significant increase in
papillomas or carcinomas of the oral cavity in the high dose group (NTP, 2007b).
Administration of hexavalent chromium in drinking water to male and female B6C3F1
mice resulted in a statistically significant and dose-related increase in adenomas or
carcinomas of the small intestine (NTP 2007b).

Exposure of a human population to hexavalent chromium in drinking water resulted
in a statistically significant increase in stomach tumors compared to rates in the
surrounding province (Zhang and Li, 1987). Review of occupational studies in which
humans were exposed to hexavalent chromium primarily by the inhalation route
revealed an increase in stomach cancer, which suggests that cells in the stomach are
being exposed to hexavalent chromium, although the primary exposure route was
inhalation. An examination of this evidence provides further support to consider
hexavalent chromium to be carcinogenic by the oral exposure route.

The existing California and U.S. Environmental Protection Agency (U.S. EPA)
Maximum Contaminant Levels (MCLs) of (total) chromium in drinking water are 50
ppb and 100 ppb (50 pg/L and 100 pg/L), respectively. Neither of these regulatory
levels are specific for hexavalent chromium, and neither involves the assumption of
potential carcinogenicity of hexavalent chromium. The California Detection Limit for
the Purposes of Reporting, or DLR, is 10 ppb for total chromium in drinking water.
Hexavalent chromium was detected in 1,997 out of over 6,400 water sources
analyzed as of April 6, 2004 (CDHS, 2004), with a DLR of 1 ppb. About 10 percent of
the samples had reported levels of 5 ppb or more.

The proposed PHG is intended to help guide the California Department of Public
Health in developing a Maximum Contaminant Level for hexavalent chromium in
drinking water, as defined in the Safe Drinking Water Act. PHGs are not developed as
target levels for cleanup of contamination of ground or ambient surface water or
other environmental media, and may not be applicable for such purposes, given the
regulatory mandates and constraints of other environmental programs.”

U.S. public document, e-mail on 18-11-2010, Dr. George Alexeeff, Deputy Director for
Scientific Affairs, California EPA.
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